Hepatoma-derived growth factor (HDGF) is a novel jack-of-all-trades in cancer. Here we quantify the prognostic impact of this biomarker and assess how consistent is its expression in solid tumors. A comprehensive search strategy was used to search relevant literature updated on October 3, 2014 in PubMed, EMBASE and WEB of Science. Correlations between HDGF expression and clinicopathological features or cancer prognosis was analyzed. All pooled HRs or ORs were derived from random-effects models. Twenty-six studies, primarily in Eastern Asia, covering 2,803 patients were included in the analysis, all of them published during the past decade. We found that HDGF overexpression was significantly associated with overall survival ( 
Introduction
showed that the new cases and deaths of cancers were respectively increased by 11.02% and 1.08% in 2012 compared with 2008. Despite the introduction of hundreds of new anticancer drugs, the consensus is that, for most forms of cancer, enduring disease-free responses are rare, and cures even rarer (Hanahan, 2014) . The clinical outcome is disillusionary (Woodward, 2014) mainly due to tumor local recurrence or distal metastasis (Ordonez-Moran et al., 2014) . Thus, it is still emergency and necessary for us to find more effective and applicable tumor markers to predict prognosis and progression of cancers and then improve the patients' quality of life and reduce mortality.
In recent years, elevated levels of hepatoma-derived growth factor (HDGF) have been observed in a variety of malignancies and high levels of HDGF appears to be associated with increased malignancy across cancers, as witnessed by the correlation with adverse characteristics such as poor patient survival (Hu et al., 2003; Ren et al., 2004; Iwasaki et al., 2005; Uyama et al., 2006; Yamamoto et al., 2006; Yoshida et al., 2006; Chang et al., 2007; Yamamoto et al., 2007; Zhou et al., 2007a; Hu et al., 2009; Savola et al., 2009; Zhang et al., 2010; Zhou et al., 2010b; Liu et al., 2011; Wang et al., 2011; Ye et al., 2011; Zhang et al., 2011; Chen et al., 2012a; Chen et al., 2012b; Hsu et al., 2012; Lin et al., 2012; Han et al., 2013; Hanada et al., 2013; Li et al., 2013a; Li et al., 2013b; Li et al., 2013c; Yang et al., 2013; Guo et al., 2014b; Song et al., 2014; Wang et al., 2014; Yang et al., 2014; Zhang et al., 2014) . As a multifunctional protein Bao et al., 2014) widely expressed by many types of human cells, HDGF is involved in the regulations of a myriad of cancer cell activities during cancer transformation (Yang et al., 2013) , apoptosis , angiogenesis (Ren et al., 2009) , and metastasis (Chen et al., 2012a) . Therefore, HDGF not only promote cancer progression but also may be an indicator of the prognosis of various tumors.
To the best of our knowledge, no meta-analysis data on the correlation of HDGF expression with the prognosis and survival of patients with whole solid tumors are yet available. Thus, we conducted a meta-analysis aimed at evaluating the value of HDGF as a prognostic marker for cancer and to determine the relationship between HDGF and several clinicpathological features of solid tumors.
Materials and Methods

Data sources and searches
The meta-analysis was performed in accordance with the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses. We conducted systematic computerized searches in the PubMed and EMBASE databases as well as WEB of Science to identify all published articles on the prognostic function of HDGF expression in tumor tissues. We used combinations of the following search terms: "HDGF or hepatomaderived growth factor", "tumor or cancer or carcinoma or malignant or neoplasm", "prognosis or prognostic or survival or outcome". The final search was updated on October 3, 2014.
Study selection
The studies included in the meta-analysis met all of the following inclusion criteria: (i) evaluated the correlation between immunohistochemistry (IHC)-detected HDGF expression and overall survival (OS) and disease free survival (DFS) in solid tumors; (ii) used a cohort design; (iii) directly extracted the hazard ratio (HR) and 95% confidence interval (CI) from an original article or provided sufficient data for the HR and 95%CI calculations; and (iv) sample size was equal to or greater than 50. Studies considered ineligible for the meta-analysis were as follows: review articles, conference abstracts, editorials, thesis or case reports; studies in which clinical endpoints other than the OS and DFS were used; and articles with insufficient published data for estimating the HR and 95%CI. For multiple publications from the same institution with identical or overlapping patient cohorts, only the largest series was included in the analysis to avoid duplicate information. The study identification and selection processes were presented in Figure 1 .
Data extraction and quality assessment
The final articles included were assessed independently by two reviewers (Bao and Liu) (Table 1) . Standardized abstraction sheets were used to record data from individual studies. Data retrieved from the first author, year of publication, age, follow-up time, source, cancer types, number of analyzed patients, gender, language, blinded HDGF measurements, cutoff scores, analysis of variable, HR estimation for OS or DFS, subcellular localization, prognosis value and Newcastle Ottawa Scale (NOS) score. For each study, the HR was estimated using the method reported by Parmar et al. (1998) . HRs were extracted preferentially from multivariable analyses where available. Otherwise, HRs from univariate analyses were extracted. HR estimates and 95%CIs were either directly obtained from the original article or calculated using parameters such as statistics of observed minus expected events and variance provided in the papers. Otherwise, the number of patients at risk in each group, as well as the number of events and P value of the log-rank statistic, was retrieved to allow approximate calculation of the HR estimate and its variance. If the study did not provide the HR but reported the survival curve, survival rates at specified times were extracted to reconstruct the HR estimate and its variance, with the assumption that the rate of patients censored was constant during the follow-up (Tierney et al., 2007) . Survival rates on the graphical representation of the survival curves were read by Engauge Digitizer version 2.5 (Cao et al., 2013) . Quality assessment of the cohort studies was performed using the NOS (Wells et al., 2012) . Given the variability in the quality of cohort studies found in our initial literature search, we considered studies as of high quality if they achieved a score of six or more.
Data synthesis
The meta-analysis was conducted initially for all included studies for each of the endpoints of interest. Subgroup analyses were conducted for predefined parameters such as subcellular localization, cancer type, cases, cutoff, whether data were derived from univariate or multivariable analyses. Cancer type subgroups were generated for the main outcome if at least two studies or three datasets on that site were available; the remaining studies were pooled in a subgroup termed "others."
Statistical analysis
Combined OR and 95%CI were used to assess the strength of association of HDGF expression with clinicpathological features of cancer, p<0.05 indicated statistical significance. Estimates of OR were weighted and pooled using the Mantel-Haenszel and random-effect model. Combined HR and 95% CI were used to assess the strength of association of HDGF expression with OS or DFS; HR>1 indicated poor prognosis of patients with HDGF expression if the 95%CI exceeded 1. The statistical significance of the pooled HR was determined by a Z-test. p<0.05 indicated statistical significance. Heterogeneity was assessed using I 2 and Q statistics. For the I 2 statistic, heterogeneity was interpreted as absent (I 2 <25%), moderate (I 2 =25%-50%), or extreme (I 2 =50 %-100%) (Higgins et al., 2003) . For the Q statistic, p<0.10 was considered statistically significant for heterogeneity. Estimates of HR were weighted and pooled using the generic inversevariance and random-effect model. Subgroup analysis was conducted to evaluate the effect of a potential factor on the association as a source of heterogeneity. Analyses were conducted for all studies, and differences between the subgroups were assessed using methods described by Deeks et al. (2011) . To validate the robustness of the meta-analysis findings, sensitivity analysis was performed by sequentially omitting each individual study using the "metainf" STATA command. Potential publication bias was evaluated using Begg's and Egger's asymmetry tests (Egger et al., 1997) and through visual inspection of funnel plots, in which the standard error was plotted against log (HR) to form a simple scatterplot. When the statistical significance of Egger's test results was defined at p<0.10, we conducted a trim and fill analysis (Duval et al., 2000) , which yields an effect adjusted for funnel plot asymmetry. The meta-analysis was performed using STATA version 11 (StataCorp LP, College Station, TX, USA). All P values were two tailed.
Results
Study inclusion and characteristics
The literature search identified 188 potentially relevant articles. Of these articles, 60 were excluded based on the titles and abstracts because of obvious lack of relevance, and 89 were excluded because of obvious duplicated publications. The following articles were also excluded: three duplicated publications (Zhou et al., 2007b; Zhou et al., 2010a; Yang et al., 2014) ; three without data for HR and 95%CI calculations and adequate contact with the investigators could not be established (Natrajan et al., 2006; Mao et al., 2008; Hanada et al., 2013) ; two with a sample size<50 (Hsu et al., 2012; Tao et al., 2014) ; two in which HDGF expression was not detected by IHC methods (Savola et al., 2009; Zhang et al., 2010) ; three uncorrelated. Finally, 26 cohort studies were found eligible for the meta-analysis (Hu et al., 2003; Ren et al., 2004; Iwasaki et al., 2005; Uyama et al., 2006; Yamamoto et al., 2006; Yoshida et al., 2006; Chang et al., 2007; Yamamoto et al., 2007; Zhou et al., 2007a; Hu et al., 2009; Zhou et al., 2010b; Liu et al., 2011; Wang et al., 2011; Zhang et al., 2011; Chen et al., 2012a; Chen et al., 2012b; Lin et al., 2012; Han et al., 2013; Li et al., 2013a; Li et al., 2013b; Li et al., 2013c; Yang et al., 2013; Guo et al., 2014b; Song et al., 2014; Wang et al., 2014; Zhang et al., 2014) , containing 32 datasets (29 datasets for OS; 17 datasets for DFS) were qualified to the standard of the meta-analysis. The main characteristics of the selected studies were summarized in Table 1 . The 26 cohort studies, which involved 2,803 cancer patients with 50 to 317 patients per study, were primarily conducted in Eastern Asia and published between 2003 and 2014. In addition, the expression of HDGF was detected by IHC in all studies. The HR estimations in 27 datasets were directly extracted from original data, and five were extrapolated from survival curves. Information on the specified cutoff (5% or at least moderate staining) for HDGF expression could be obtained from all enrolled studies. All of the 26 studies identified HDGF expression as an indicator of poor prognosis. Most studies had established HDGF to be an independent prognostic factor in solid tumors (Table 1) . According to the quality criteria, all cohort studies were of high quality and had scores of six or more.
Correlation of HDGF expression with clinicopathological parameters
From the biological point of view it is very difficult to compare and summarize data from different tumor features, especially when dealing with TNM classifications. In the manuscript (data not show), this is reflected by the high heterogeneity when comparing the expression of HDGF in solid tumors with pathological data. It would be of importance to analyse the distinct tumor enteties by themselves. However, only cholangiocarcinoma (CCA) has enough data to be analysed. Table 2 .
Correlation of HDGF with overall survival and disease free survival
We conducted a meta-analysis on the association between HDGF overexpression and the OS of human solid tumors. The pooled HRs and their 95 % CIs were presented in detail in Table 3 . Among the 29 datasets comprising 3,133 patients reported HR for OS, poor prognosis was demonstrated in the pooled HR estimate (HR=2.35; 95%CI, 2.04-2.71, p<0.001 and I 2 =21). It showed that an absent degree of heterogeneity was found in all of the eligible studies. Four of the eligible 29 datasets (14.29%) reported a non-statistically significant HR (ie, the 95% confidence intervals crossed 1); a forest plot of all studies was presented as Figure 2A . When the eligible studies were stratified by cases, the combined HRs of cases (<100) and cases (≥100) were 2.79 (95%CI, 2.20-3.55, p<0.001) and 2.21 (95%CI, 1.84-2.67, p<0.001). Differences between cases subgroups were statistically significant (P for subgroup difference, Psub= 0.041).
When grouped according to the subcellular localization of HDGF protein in studies (Figure 2A) , the combined HRs of nucleus, cytoplasm and whole were 2.58(95%CI, 2.18-3.06, p<0.001), 2.08 (95%CI, 1.50-2.89, p<0.001) and 2.12(95%CI, 1.47-3.05, p<0.001), respectively. Although high HDGF for subjects with nucleus was associated with a numerically higher value for the HR than for subjects with cytoplasm and whole, this difference was not statistically significant (Psub=0.084).
In the subgroup analysis (Table 3) 45, p=0.002) . Differences between subgroups were statistically significant (Psub=0.006). Furthermore, when the analysis of variable, cases and cancer types were considered, the results did not show significant changes.
Publication bias analysis and Sensitivity analysis
Begg's tests indicated that there was no obvious evidence of significant publication bias for the studies included in our meta-analysis (P OS =0.048-1.000 and P DFS =0.012-1.000, respectively). But Egger's test plot also revealed an apparent asymmetry that suggested the presence of a potential publication bias (Table 3) . Therefore we performed the "trim and fill" analysis. It was estimated that eight studies evaluating the prognostic value of HDGF in OS and three studies evaluating the role of HDGF in DFS remained unpublished. The filled metaanalysis concerning OS (HR=2.17, 95%CI: 1.89-2.50, p<0.001) and DFS (HR=2.06, 95%CI: 1.67-2.54, p<0.001) uphelded our pooled results (Figure 3 ). Moreover, in order to gauge results stability, a sensitivity analysis, in which one study was deleted at a time, was performed. Both of the corresponding pooled ORs and HRs were not significantly changed, suggesting the robustness of our results.
Discussion
Following the discovery of the prognostic value of high HDGF expression in HCC (Hu et al., 2003) , HDGF overexpression and changes of sub-and inter-cellular localization are commonly seen in various types of human cancers. To our knowledge, this present meta-analysis is the first study to systematically evaluate the association between HDGF and clinicopathological features and prognostic factors in solid tumors. In our study, a combined analysis of 26 clinical studies, which detected the HDGF antigen in whole tissue sections, revealed demonstrated a publication bias among the studies regarding HR of OS and DFS with a P value of 0.005 and 0.032 (p<0.10), respectively ( DOI:http://dx.doi.org/10.7314/APJCP.2015 .16.5.1803 A Meta-Analysis a poor prognostic outcome in patients expressing high levels of HDGF.
This meta-analysis showed that elevated HDGF expression did indeed predict negative survival in cancer patients. When grouped according to the subcellular localization of HDGF protein in studies with OS or DFS, we found that HDGF was suggested to be a valid poor prognostic indicator in cancers regardless of its subcellular localization. Although our study also showed that high HDGF estimated by both nucleus and cytoplasm positive had a prognostic value in patients with certain kinds of cancers, strong nuclear staining with minimal cytoplasmic staining was observed in most cases. These results told that up-regulation of nucleus HDGF might be the better evaluation criterion than cytoplasmic HDGF to predict poor prognostic outcome in patients with cancers. Certainly, the conclusion was somewhat faint because of the difference in HDGF cut-off definition. When the eligible studies with DFS were stratified by HDGF cutoff, differences between cases subgroups were statistically significant (Psub=0.006). An explicit definition should be made about the cut-off value of HDGF level for increased survival risk. To date, most researchers use median value or 90% staining in their laboratory or hospital as the cutoff value and the accurate value were different. Although ROC curve cutoff for high HDGF has highest HR value, the lack of abundant HDGF expression data detected by ROC curve in global population makes it difficult to set a standard cut-off. Thus, it remains to be further explored the HDGF cut-off definition and the relationship between the cytoplasmic HDGF and survival in carcinomas.
In the subgroup analysis, our results indicated that HDGF was associated with the OS or DFS of NSCLC, breast cancer and cancers of the digestion system. Furthermore, we also studied the pooled risks of HDGF for OS or DFS based on tumor types in cancers of the digestion system. We found that the negative prognostic role of high HDGF expression was also observed in CCA, GISTs and HCC. And significant difference was observed in all subgroups (p<0.05). Empirically, HR>2 was considered strongly predictive (Hayes et al., 2001) . And these different cancer subgroups' results were powerful, though limited studies were included for OS or DFS meta-analysis, respectively. When the eligible studies with OS were grouped by cases, difference between cases subgroups was statistically significant (P for subgroup difference=0.041). Therefore, considering the limitations of the eligible studies in certain cancer, other largescale prospective trials must be conducted to clarify the prognostic value of HDGF in predicting cancer survival.
What makes HDGF account for the poor prognosis in solid tumors? Metastasis is the major cause of death in patients with cancer. Down-regulation of HDGF participates in miRNAs-induced suppression of migration and invasion on several cancer cells Guo et al., 2014a) , and induces relapse of various cancer cells . Moreover, previous studies had shown that HDGF overexpression promoted epithelial-mesenchymal transition (Chen et al., 2012a; Tsai et al., 2013) and affected cell metastasis processes via mitogen-activated protein kinase signaling pathways (Mao et al., 2008) or a novel HDGF-disintegrin and metalloproteinase-9 pathway , thereby promoting the invasion and metastasis in several cancer cells. In addition, combining the anti-HDGF antibody with anti-VEGF antibody might enhance their antiangiogenic activities (Ren et al., 2009) . These qualities thus serve as a potential target for cancer therapy (Yamamoto et al., 2007; Zhou et al., 2010b; Hsu et al., 2012; Li et al., 2013b ) and a marker for poor prognosis and metastasis of cancers (Bao et al., 2014) . In our study, we also found that HDGF expression was linked to tumor category and lymph node status in CCA. Importantly, multivariate survival analysis showed that HDGF overexpression was an independent predictor of poor prognosis (HR OS =2.41, 95%CI: 2.02-2.87, p<0.001; HR DFS =2.39, 95%CI: 1.77-3.24, p<0.001) ( Table 3) . We infer that in the case of solid tumors, a HDGF inhibitor could improve survival and prognosis. Interestingly, Yamamoto, S. et al previously showed that HDGF expression was an independent prognostic factor for patients with early (pT1-2) stage of the disease, but not for those with advanced (pT3-4) stage (Yamamoto et al., 2007) . Several cancers tissue sections in studies were obtained from patients with early-stage cancers (Ren et al., 2004; Zhou et al., 2007a) , these indicated that HDGF might be serviceable to predict poor prognostic outcome in patients with early-stage cancers.
Similar to other systematic reviews and meta-analyses, some limitations and strengths of this meta-analysis should be acknowledged. First, marked heterogeneity of subjects existed in DFS. The heterogeneity of the population was probably due to the difference in the baseline characteristics of patients (tumor stage), the cancer type, the cut-off value of HDGF and others. For example, for DFS studies, when we stratified them according to subcellular localization, heterogeneity disappeared in nucleus subgroup (Ph=0.518). Because such differences might have a residual confounding effect within these studies, we attempted to minimize the effect by using a random effect model. Second, Egger's test demonstrated a publication bias among the studies regarding HR of OS and DFS with a P value of 0.005 and 0.032 (p<0.10), respectively (Table 3) . Obviously, it is unavoidable to miss some data because of unpublished studies. Missing information may reflect a negative or more conservative correlation between HDGF and survival, which could lower the significance of HDGF expression as a predictor of mortality. However, the followed "trim and fill" analysis reinforced the prognostic role of HDGF in cancers patients (Figure 3) . Thirdly, there still might be a little error when the approximate calculation method was used to estimate the HR values, although 3 investigators calculated them separately. Fourthly, the studies used various IHC protocols (different kinds of HDGF antibody, dilutions of antibodies etc.) and experimental protocols could have interfered with the results. An explicit definition should be made about the cut-off value of HDGF level for increased survival risk. Finally, tissues are more widely used in HDGF study. However, circulating markers are more acceptable than tissue markers because they can be assayed before surgery and be monitored throughout the life. The intriguing point is that high levels of HDGF could also be detected in patient serum of lung cancer and extra hepatic CCA (Zhang et al., 2010; Han et al., 2013) . This raises the possibility that adverse HDGF levels can be detected in blood samples in other cancer forms as well. More studies should be conducted in future to evaluate the prognostic value of HDGF level in serum. For routine clinical application in the future, the above-mentioned design criterion should be more convincible.
In summary, overexpression of HDGF is significantly associated with several clinicopathological features in CCA and indicated poor OS and DFS of several cancers. The findings suggest that HDGF is a promising prognostic factor for solid tumors, especially in NSCLC, HCC and CCA, and predicts cancer progression such as tumor category and lymph node status in CCA. Considering the limitations of the eligible studies, other large-scale prospective trials must be conducted to clarify the prognostic value of HDGF in predicting cancer survival.
